Complete nucleotide sequences of the 165 rDNAs were determined from Thiocapsa and Amoebobacter species, including all available type strains and some additional isolates. The distance-matrix analysis and the dendrogram for estimating the genetic relationships revealed that the investigated strains were found in two major clusters within the Chromatiaceae. One cluster comprises al I Amoebobacter species, Thiocapsa roseopersicina and several isolates related to Thiocapsa roseopersicina. Representatives of the species Amoebobacter roseus, Amoebobacter pendens and Thiocapsa roseopersicina, the so called ' Thiocapsa roseopersicina group', are very closely related, justifying their inclusion into one genus, Thiocapsa, for which an emended description is presented. Amoebobacter purpureus and Amoebobacter pedioformis formed two separate lines of descent with less than 93O/0 (896-92*9%) similarity to strains of the Thiocapsa roseopersicina group'. Therefore, they will be considered as two separate genera. As a consequence, an emended description is presented for the genus Amoebobacter, with Amoebobacter purpureus as the new type species and A. pedioformis is transferred to Thiolamprovum pedioforme gen. nov., comb. nov. Two species, Thiocapsa pfennigii and Thiocapsa halophila, which have been classified with the genus Thiocapsa because of their morphological properties, were found within another major cluster of the Chromatiaceae and are only distantly phylogenetically related to the first cluster with 884-90.6 YO and 904-9202 O/ O sequence similarity, respectively.
INTRODUCTION
Classification of Chromatiaceae (Bavendamm 1924 , emend. Imhoff 1984 has been inherited from the morphological studies of Winogradsky (1 888) and is still principally based on phenotypic characteristics. The first studies to establish genetic relationships of Chrornatiaceae species were carried out on the basis of 16s rRNA oligonucleotide cataloguing (Fowler et al., 1984) . They demonstrated that these bacteria are
The EMBL accession numbers for the sequences reported in this paper are indicated in Table 1 and Fig. 1 .
moderately related but form a coherent phylogenetic group for which the family name Chromatiaceae is justified. They also revealed strong discrepancies between phylogenetic relatedness and the taxonomic system of the family, based on phenotypic traits. Their study demanded more detailed investigations on the phylogenetic relationships within this family to establish a proper basis for a phylogenetically oriented taxonomy.
The first complete 16s rDNA sequences among the Chromatiaceae were obtained for Chromatiurn vinosum (De Weerd et al., 1990) and Chromatiurn tepidum (Wahlund et al., 1991) . Recently, with the description 00762 0 1998 IUMS Table I . Species and strains sequenced in this study
Previous name
New name DSM no.
Thiocapsa roseopersicina Thiocapsa roseopersicina DSM 2 1 7T
' Thiocapsa roseopersicina ' Thiocapsa sp.
-' Thiocapsa roseopersicina ' Thiocapsa sp.
-' Pfennig (1989a, b) , Pfennig & Truper (1971a , b) Mandel et al. (1971 )* Guyoneaud et al. (1997 t Guyoneaud et al. (1996 ) Caumette et al. (1985 Caumette ( Caumette et al. (1985) .
of the new genera and species Rhabdochromatium marinum (Dilling et al., 1995) , Chromatium glycolicum and Thiorhodococcus minus (Guyoneaud et al., 1997) , more 16s rDNA sequences became available, which confirmed the non-phylogenetic nature of the phenotypic classification of the Chromatiaceae (Guyoneaud et al., 1997) . The genera Thiocapsa and Amoebobacter comprise the spherical and non-motile representatives of the Chromatiaceae. The differentiation between the two genera is based on the presence or absence of gas vesicles. In the case of Ectothiorhodospiraceae (Imhoff & Suling, 1996) and green sulfur bacteria (Overmann & Tuschack, 1997) , the possession of gas vesicles is not considered to be of taxonomic relevance at the genus level. Moreover, the study based on 16s rRNA oligonucleotide cataloguing (Fowler et al., 1984) had already revealed that some species of these two genera (Thiocapsa roseopersicina, Amoebobacter pendens and Amoebobacter roseus) are very closely related (SAB values >, 0.93) and may actually comprise species of a single genus. Since this work, several new species have been described for both genera : Amoebobacter pedioformis (Eichler & Pfennig, 1986) , Amoebobacter purpureus (Eichler & Pfennig, 1988) and Thiocapsa halophila (Caumette et al., 1991) . In addition, strains resembling Thiocapsa roseopersicina but containing okenone instead of spirilloxanthin as the major carotenoid were isolated (Caumette et al., 1985) . These new isolates were described and classified according to their phenotypic traits. Their genetic relationships have not been investigated so far. We have analysed the 16s rDNA sequences of the known species of the genera Thiocapsa and Amoebobacter (including all available type strains) and propose a taxonomic rearrangement at the genus level.
METHODS
Source and culture of bacterial strains. All Thiocapsa and Amoebobacter strains used for this study are listed in Table  1 , which shows the previously used and the newly proposed names, the original strain designations, the DSM numbers (where available) and the EMBL accession numbers for their 16s rDNA sequences. Cultures of all strains are now maintained in our laboratories (see Table 1 ).
Strains were cultivated in a synthetic medium prepared anaerobically according to Pfennig & Truper (1992 DNA for sequencing of 16s rRNA genes was obtained either from 1-2 ml well-grown liquid cultures or from freeze-dried material (A. pedioformis DSM 3802, A . roseus DSM 235 and A . pendens 58 13). DNA was extracted and purified by using the QIAGEN genomic DNA buffer set. Recombinant Taq DNA polymerase was used for PCR (Mullis & Faloona, 1987) with the primers : 5'-GTTTGATCCTGGCTCAG-3' and 5'-TACCTTGTTACGACTTCA-3' (positions 1 1-27 and 1489-1 506, respectively; according to the Escherichia coli 16s rRNA numbering of the International Union of Biochemistry). The PCR products were purified by using the QIAquick PCR purification kit. Sequences were obtained by cycle sequencing with the SequiTherm sequencing kit (Biozym) and the chain termination reaction (Sanger et al., 1977) using an automated laser fluorescence sequencer (Pharmacia). Sequences were aligned using the CLUSTAL w program (Thompson et al., 1994) . The alignment was from position 29-1381 according to the Escherichia coli numbering (including gaps, approx. 1400 positions). The distance matrix was calculated on the basis of the algorithm according to Jukes & Cantor (1969) with the DNADIST program within the PHYLIP package (Felsenstein, 1989) . The FITCH program in the PHYLIP package fitted a tree to the evolutionary distances.
RESULTS AND DISCUSSION
Sequences of 16s rDNA from a number of strains of Thiocapsa and Amoebobacter species were determined, aligned and compared to those of other Chromatiaceae, Ectothiorhodospira shaposhnikovii, Halorhodospira halophila and Escherichia coli, which were available from the EMBL database. Sequence similarity and evolutionary distances (K,,, values) are presented in Table 2 ; a dendrogram calculated on the basis of these values is shown in Fig. 1 . The 16s rDNA gene sequence analysis confirmed that the representatives of the genera Thiocapsa and Amoebobacter are true members of the Chromatiaceae, placed within the gamma-Proteobacteria. Within the radiation of the family Chromatiaceae, the strains investigated were found in two clusters. Most of the strains formed one distinct cluster, which was not distinctly affiliated with one of the available reference organisms from this family (see Fig. 1 ). This cluster comprises all Amoebobacter species, Thiocapsa roseopersicina and strains related to this latter species. The analysis suggests a common ancestor of all of these strains and of Chromatium vinosum and related species. Two species were found within a second cluster, which includes ' Thiocapsa pfennigii' and ' Thiocapsa halophila' as well as Rhabdochromatium marinum and other marine Chromatiaceae.
Within the first cluster, Thiocapsa roseopersicina, A . roseus and A. pendens formed a closely related group (in the following referred to as the 'Thiocapsa roseopersicina group ') with a minimum of 93.9 % sequence similarity between the strains included in this study. These results are in agreement with the previous studies on 16s rRNA oligonucleotide cataloguing (Fowler et al., 1984) , which already recognized the close relationship of these species (SAB value of 0.93).
Amoebobacter purpureus and A . pedioformis, however, formed two different lineages separated from the representatives of the ' Thiocapsa roseopersicina group '. The sequence similarity between A . purpureus,
A . pedioformis and all the other strains of this cluster was 89.6-91-9 and 88.9-92.9 YO, respectively. Moreover, the sequence similarity between A . purpureus and A. pedioformis was 88.9%, suggesting that these two species belong to two separate genera. First of all, these results demonstrate a large phylogenetic distance between presently recognized species Fig. 1 ).
Apart from the formation of gas vesicles, which could be of taxonomic importance at the species level, some physiological features such as substrate utilization and chemolithoautotrophic growth capacities separate the three existing species ( (Overmann & Pfennig, 1992 ). This strain had been originally and tentatively identified as a Thiocapsa roseopersicina (Caumette et al., 1985) , but was later reclassified as A . pendens (Eichler & Pfennig, 1986) , although it was different from the type strain of this species with regard to chemotrophic growth and gas vesicles were not always present.
Because 'it is the presence or absence of phenotypic coherency among strains that should be the deciding factor ' (Stackebrandt & Goebel, 1994) , we propose to maintain these three existing species and to consider them as members of the genus Thiocapsa, with Thiocapsa roseopersicina as the type species. Therefore, we propose to transfer A. pendens to Thiocapsa pendens comb. nov. and A . roseus to Thiocapsa rosea comb. nov.
Within this genus, strains 581 1 (DSM 5653) and 5812 were mentioned as Thiocapsa roseopersicina forma specialis (Caumette et al., 1985) , because they contain okenone as the major carotenoid, while the other phenotypic traits were identical to those of Thiocapsa roseopersicina (Table 4) . They are closely related genetically (Table 2) , and could probably be described as a new species within the genus Thiocapsa on the basis of genetic relationship and pigment composition. Nevertheless, they both are closely related to the Thiocapsa sp. strain 1051 1 (97.4 and 97.3 YO sequence similarity, respectively), which contains spirilloxanthin as the main carotenoid. A decision at the species level would require DNA-DNA reassociation studies and is therefore not proposed at the present level of our knowledge. A similar uncertainty that could possibly be resolved by hybridization studies is the exact species assignment of other strains, which have been tentatively identified as belonging to Thiocapsa roseopersicina (CE2209,9314,10511) and A . pendens (DSM 5652). However, knowledge of genetic relationships and phenotypic features undoubtedly permit an assignment of these strains to the genus Thiocapsa. Thiocapsa rosea (r0'se.a. L. adj. rosea rosy, rosecoloured, pink).
The description is the same as that given by Winogradsky (1888) and Pfennig (1989b Amoebobacter purpureus (pur.pur'e.us. L. masc. adj.
purpureus purple or purple-red) .
The description is the same as that given by Eichler & Pfennig (1988) . Type strain is DSM 4197T (= strain T h S~h l 2~, = SchleinseeT). Thiolamprovum pedioforme (pe.di. 0. for'me. Gr . n. pedion a plain, a flat area; L. n. forma shape; M.L. neut. adj. pedioforme flat-shaped).
The description is the same as that given by Eichler & Pfennig (1986) . Type strain is DSM 3802T (=strain CML2T, = TaichungT).
